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mTRODUCTION 
Shavings and sawdusts made from different kinds 
of trees are used as bedding materials on farms, 
because they are relatively plentiful and cheap in 
this section of the country. Yfood materials in the 
form of sawdust or shavings decay very slowly when 
introduced into the soil. Because there is a chemical 
and mechanical difference between the shavings and 
sawdusts made from different kinds of wood, it seemed 
that these various materials might have different 
rates of decay. 
The purpose of this investigation was to deter¬ 
mine, if possible, the rate of decomposition of the 
different bedding materials. The rates of ammoni- 
fication and nitrification of the various kinds of 
wood, sawdust and shavings were determined period¬ 
ically; the formation of ammonia, which in turn is 
changed to nitrates, is an index of the rapidity of 
decay. 
Since lignins decompose very slowly in relation 
to the other constituents of wood, such as cellulose, 
hemi-cellulose and pentosans, the different rates of 
lignin accumulation were used as the final index of 
decomposition. 
2. 
REVIEW OF LIT'ERA.TURS 
Only a few reports dealing with the subject 
of decomposition of wood products have been found, 
since very few investigations have been made upon 
the decomposition, airmonification and nitrification 
of wood products in the soil. Vilgeon and Fred (12) 
found that on land, which had been cleared of timber, 
the remainder of brush and vegetative growth plowed 
under, proved that the crop grown the first year was 
unsatisfactory. They concluded that the constituents 
of wood, such as oils, resins and tannins may exert 
a toxic action on plants, or that abnormal conditions 
may be set up by their decomposition products. This 
may retard the formation and accumulation of nitrates. 
Nitrification may be inhibited, the nitrates may be 
reduced, or the nitrates may be assimilated by the 
organisms decomposing such wood constituehts as 
carbohydrates, tannin and resin. 
Gibbs and Werkman (2) investigating the effects 
of sawdust on ammonification and nitrification, noted 
that the rate of nitrification of blood meal, when 
used as a source of nitrogen, was slow and that there 
was an accumulation of ammonia. The nitrification of 
anmonium sulphate was depressed to a large degree. 
These investigators believe that the depression is 
not due to a reduction of the nitrates, but to an 
3. 
inhibition of the nitrate forming organism. 
Koch (6) found a total absence of nitrate 
nitrogen in the soils containing 0.33 per cent 
cellulose as in the form of filter paper. Eighteen 
months after treatment, all the paper had disappeared 
and the soil began to show nitrate formation. In 
another paper Koch (7) found that turpentine, resins 
and tannins were toxic to plant growth and prevented 
nitrate accumulation. He suggested that these sub¬ 
stances may be a source of energy for denitrifying 
bacteria. In a later report (8) he found the same 
results, but thought that the tannins might have had 
a toxic effect on the nitrate organism. 
Hill (4) found that pure cellulose applied to 
soil in different amounts restricted plant growth. 
This restriction was proportional to the amount of 
cellulose added. The addition of potassium nitrate 
in quantities of about 0.01 per cent failed to off¬ 
set this harmful effect of the cellulose. 
Soderbaum and Barthel (11) found in their 
nitrification experiments that the presence of 2 
per cent sawdust in a soil, which otherwise had a 
normal rate of nitrification, was enough to stop 
this process completely. This inhibitory action 
lasted more than one year. Their experiments showed 
that this inhibitory action was due to denitrification 
I 
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and not to the presence of any substance in the woody 
material, such as resins or volatile oils, which might 
have a toxic effect on the nitrifying bacteria. Ex¬ 
periments with cellulose in the form of cotton gave 
them the same results because the inhibitory action 
was due to the fermentation of cellulose in both 
investigations. Then, after decomposition of the 
cellulose, it was found that plant growth was normal. 
This inhibitory action was also neutralized by adding 
a sufficient amount of nitrogen fertilizer. The 
reduction of nitrates was caused by the group of 
organisms which make use of the cellulose. 
Tones and Snell (5) did not find any ill effects 
on the growth of tobacco when ten tons of sawdust stable 
manure was used with 3500 pounds of 5-4-5 fertilizer 
mixtures per acre. 
Thus the results of some of these investigations 
seem to indicate the cause of the lack of nitrate 
accumulation to be the toxic effect of resins, tannins 
and waxes, while results of others suggest deficiency 
to be due entirely to use of the nitrates by wood 
decomposing organisms. 
f 
5. 
THEORETICi\X DISCUSSIONS 
Bacteria and fungi that attack wood in soils 
do not decompose it very readily. It is well known 
that the decomposition of organic compounds in soils 
/ 
is governed by the ratio of carbohydrates to nitro¬ 
genous compounds. However, in dealing with wood 
products, the effect of such substances as lignin, 
resins, waxes upon the decomposition may further 
influence the rate of decay. Resins and waxes may 
coat over the cells of wood and thus prevent the 
bacteria from decomposing the wood more rapidly. 
The decomposition products of the resins and tannins 
may themselves be toxic to plant growth. The lignins 
and waxes, which make up part of the woody materials, 
may have some direct effect also on the rate of 
ammonification and nitrate accumulation. Furthermore, 
it is a known fact that an abundance of cellulose will 
retard nitrate accumulation. 
EXI^ERB'ISNTAL ICETHODS 
Two series of experiments were set up with 
various kinds of sawdust and shavings, as listed below. 
Since cocoa hulls and peanut hulls were also used as 
bedding materials, it was thought desirable to include 
them for comparison. 
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Hard Maple - - - Acer saocharum - - shavings 
Vi,liite Birch - - Betula populifolia ” 
Red Oak - - - - Q,uercus rubra - - sawdust 
Chestnut - - - - Castanea dentata - ” 
Hemlock - - - - Tsuga canadensis - shavings 
Cedar ----- Juniperus virginiana- sawdust 
Vi/hite Pine - - - Pinus strobus - - - - 
Southern Pine - Pinus palustris - - - and shavings 
Peanuts - - - - Arachis hypogaea - - hulls 
Cocoa ----- Theobroma cacao - - - »» 
In the first experiment, gallon crocks were 
filled with an equal weight of garden soil and set up 
in duplicates. The soil was added chiefly as a 
bacterial inoculant. The total weight of soil and 
sawdust together was two pounds, except in the case 
of the cocoa hulls, where one pound of garden soil 
was mixed with 3/4 pound of hulls to bring the mix¬ 
tures up to 1 per cent total nitrogen. Total nitrogens 
were determined on all materials used and urea (46 
per cent nitrogen) was used to bring up the mixtures 
to a 1 per cent total nitrogen content. The mixtures 
were saturated with water to 50 per cent of their 
maximum water holding capacity and set aside to de¬ 
compose in a room with an average temperature of 
21^ centigrade. V/ater was added every three days 
to keep the moisture up to 50 per cent of the water 
holding capacity. The materials in each crock were 
stirred thoroughly every two weeks, when samples were 
taken for ammonia nitrogen and nitrate nitrogen deter 
mination. The experiment was carried on for fourteen 
weeks. The temperature was recorded, but there was 
not any marked difference to be noted between the 
various kinds of decomposing wood materials. 
The following table shows the water holding 
capacity for each bedding material. The totel nitro¬ 
gen for each material is given and also the amount of 
urea added to each crock to bring the total nitrogen 
up to 1 per cent. It is interesting to note, that 
most of the wood materials were low in nitrogen, in 
comparision to the cocoa and peanut hulls. 
8. 
TABLE I 
Total nitrogens showing amount of urea added to bring 
each up to 1 per cent total nitrogen. 
Total 
Nitrogen 
Content Grams of 
Bedding Materials_V/.H.C.*46^ urea added 
Southern Pine Shavings 420 .055 17.28 
Southern Pine Sawdust 475 .055 17.28 
1/Vhite Pine Sawdust 762 .054 17.28 
Hemlock Shavings 414 .121 16.56 
Cedar Sawdust 503 .109 16.65 
Maple Sawdust 651 .123 16.5 
Chestnut Sawdust 501 .094 16.83 
Oak Sawdust 480 .1054 16.69 
Birch Shavings 415 .075 17.05 
Peanut Hulls 319 .711 10.25 
Cocoa Hulls 268 2.42 none 
3/4 lbs. hulls 
1 lb. soil 
* water holding capacity 
The rate of ammonification was determined every 
two weeks over a period of fourteen weeks for each 
crock. The ammonia was removed with a ten per cent 
KCl extracting solution and distilled with MgO as 
recommended by Harper (3). 
The data obtained from this study of ammonifi- 
cation of the various kinds of bedding materials will 
be found in Table II. 
I 
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Nitrate nitrogen was also determined every 
two weeks, but due to the fact that the yellowish 
brown color in the extract could not be removed 
and since the color interfered in the comparisions 
made using the colorimeter, the phenol disulphonic 
method for nitrate determination was not used. 
Relative results, however, were obtained using di- 
phenylamine reagent. 
The following table shows the amount of 
nitrate nitrogen found at the end of each two 
week periods. 
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The hydrogen ion concentration of each de¬ 
composing material was measured every month on a 
Beckman glass electrode potenometer. Results are 
shown in Table IV. 
TABLE IV 
The pH. value of the decomposing bedding materials 
determined every four weeks. 
Southern Pine Shavings 
Southern Pine Sawdust 
Vi'hite Pine Sawdust 
Hemlock Shavings 
Cedar Sav/dust 
Maple Shavings 
Chestnut Sawdust 
Oak Sawdust 
Birch Shaving 
Peanut Hulls 
Cocoa Hulls 
28 
days 
58 
days 
84 
days 
8.85 8.17 5.2 
8.40 8.15 5.0 
8.30 8.16 5.1 
8.70 8.65 6.0 
8.31 7.05 5.5 
8.25 8.35 6.8 
7.60 7.72 6.75 
8.20 8.20 6.90 
8.30 8.35 6.63 
8.7 8.4 6.9 
8.15 8.10 7.2 
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FIGURE I 
Curves showing ammonia accumulation in the different 
conifers. 
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FIGURE II 
Curves showing aminonia accumulation of the deciduous 
trees, cocoa and peanut hulls. 
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DISCUSSION OF RESULTS 
Ammonification of the wood materials used 
had proceeded at a rapid rate during the first 
few weeks of decomposition, as shown in Table II. 
Maple apparently inhibits ammonification to the 
greatest extent followed by birch, cedar, oak and 
hemlock during the first two weeks of decomposition. 
Chestnut and sawdust apparently inhibits ammonification 
the least of the wood materials that were used. 
Sven after fourteen weeks of decomposition, there 
was still 0.3 per cent of ammonia being accumulated. 
The ammonification of cocoa and peanut hulls was 
slower, but this was due to the fact that the nitro¬ 
gen was tied up in the form, of protein nitrogen and 
was attacked more slowly by microorganisms than the 
more available nitrogen in the urea, which was added 
to the sawdust and shavings. Figure I shov/s that 
the rate of ammonification for the conifers followed 
rather closely a general curve. It is interesting 
to note that the rates of ammonification of the 
sawdust and shavings of the southern pine, as shown 
in this graph, followed very closely. Figure II 
shows that the ammonification rates of the hardwoods 
was rather variable. In the case of chestnut and 
oak, after fourteen weeks of decomposition, the rate 
of ammonification was still fairly large. In the 
16. 
determination of the hydrogen-ion concentration, 
the pH. value of the bedding materials was 
originally high and dropped as the ammonia 
accumulation was reduced. Since the pH. value was 
favorable, low acidity probably was not a factor 
influencing nitrification. Nitrification proceeds 
in an optimum pH. value in the approximate range 
of 7, while the pH. value of the bedding materials 
was above 7 in all cases. 
The lack of nitrate accumulation was due 
perhaps to the fact that as soon as nitrates were 
formed, they were assimulated by the microorganisms. 
There was approximately twenty parts per million 
of nitrate nitrogen in each crock, when the experi¬ 
ment was started. This nitrate nitrogen was 
assimulated by the microorganism and there was no 
evidence of nitrate accumulation until two months 
later, when traces began to be found. Reappearance 
of nitrates at the end of the experiment was due 
to the decrease in the amount of cellulose present. 
Koch (6) found recovery of nitrates in jars treated 
with filter paper after eight months. Charpentier 
(1) found that soils containing 1 per cent cellulose, 
70 per cent had decomposed in twenty-eight weeks. 
In the case of the bedding materials used, the re¬ 
covery was more rap-id, because of the large amount 
17. 
of nitrogen added as urea, which hastened the 
decomposition of cellulose. 
In the second series, the wood materials 
were set up in duplicate crocks and saturated to 
90 per cent of their water holding capacity with 
cattle urine. The total nitrogen content of the 
urine was .079 per cent. These materials were left 
to decompose in a room with an average temperature 
of Sl^C. Y/ater was added every three days to keep 
the bedding materials saturated at about 90 per cent 
of their water holding capacity. Ammonia nitrogen 
was determined every month for three months, using 
the same method as in the first series for ammonia 
determination. The effect of sawdust on ammonia 
accumulation from urine is shown in Table V. 
18 
TABLE Y 
The percentage of ammonia found at different stages 
of decomposition in the bedding material, saturated 
with urine. 
4 weeks 8 weeks 12 weeks 
Southern Pine Shavings .438 .168 .009 
Southern Pihe Sawdust .382 .085 .003 
V/hite Pine Sawdust .970 .525 .026 
Hemlock Shavings .336 .071 .006 
Cedar Sawdust .457 .081 .032 
Maple Shavings .578 . .157 .007 
Chestnut Sawdust .473 .231 .112 
Oak Sawdust .445 .013 .012 
Birch Shavings .297 .096 .071 
Peanut Hulls .436 .080 .010 
Cocoa Hulls .439 .268 .039 
19 
Nitrate nitrogen was determined every month 
using diphenol-amine reagent. The rate of nitri¬ 
fication is shown in Table VI. 
TABLE VI 
Nitrate nitrogen content in parts per million in 
bedding materials saturated with urine. 
4 weeks 8 weeks IE weeks 
Southern Pine Shavings -- — 4000 
Southern Pine Sawdust — — 4000 
^Yhite Pine Sawdust 6000 
Hemlock Shavings — 19 5000 
Cedar Sawdust — 10 4500 
Maple Shavings -- — lEOO 
Chestnut Sawdust 1 — 
Oak Sawdust — 16 00 
Birch Shavings -- — — 
Peanut Hulls — 11 5000 
Cocoa Hulls •• am Mi EEOO 
H .. 
20 
The hydrogen ion concentration of each 
decomposing material was measured at four weeks 
intervals. Results are shown in Table VII. 
TABLE VII 
The pH. values of the bedding materials saturated 
with urine. 
4 weeks 8 weeks 12 weeks 
Southern Pine Shavings 9.3 9.05 7.35 
Southern Pine Sawdust 9.15 9.1 7.3 
l^ite Pine Sawdust 9.2 8.9 7.2 
Hemlock Shavings 7.6 7.06 6.8 
Cedar Sawdust 8.9 8.8 6.65 
Maple Shavings 8.8 8.75 7.1 
Chestnut Sawdust 0.2 7.8 7.0 
Oak Sawdust 8.65 8.0 7.8 
Birch Sawdust 8.5 8.4 7.05 
Peanut Hulls 8.0 7.9 7.45 
Cocoa Hulls 9.15 8.95 7.1 
£1. 
The lignin content was determined on the 
bedding materials before and after three months of 
decomposition. The method used was that of Peterson, 
7/alde and Hixon (9). An increase in lignins gives 
an index of decomposition, since they are more re¬ 
sistant to attack by microorganism than hemicellulose 
and cellulose and thus they tend to accumulate when 
other organic substances decompose. 
TABLE VIII 
The lignin content before and after decomposition 
expressed in percentages. 
Original Decomposed 
Per Cent 
Change 
Cocoa Hulls 20.83 30.12 44.60 
Birch Shavings 17.57 22.98 30.80 
Oak Sawdust 26.00 30.29 24.19 
Chestnut Sawdust 23.99 29.64 23.55 
Peanut Hulls 23.70 34.09 21.60 
Cedar Sawdust 27.49 30.98 12.69 
Hemlock Shavings 26.41 29.65 12.27 
V/hite Pine Sawdust 24.22 26.07 7.64 
Southern Pine Sawdust 26.64 24.75 -7.92 
Southern Pine Shavings 26.64 24.53 -7.92 
Maple Shavings 22.74 17.98 -20.93 
The alcohol-benzine extract was calculated and is 
reported in Table IX. 
22 
TABLE K 
Alcohol-benzine extract on original and decomposed 
bedding materials. 
Per Cent 
Original Decomposed Change 
Cocoa Hulls 21.80 9.83 
o
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1
 
Cedar Sawdust 12.36 6.87 -44.4 
Peanut Hulls 10.90 7.10 -34.4 
Vdiite Pine Sawdust 13.02 8.61 -33.80 
Hemlock Shavings 10.48 7.43 -29.6 
Chestnut Sawdust 10.95 8.81 -19.55 
Oak Sawdust 10.80 8.87 -17.88 
Southern Pine Shavings 9.95 8.74 -12.16 
Southern Pine Sawdust 9.95 8.82 -11.35 
Birch Shavings 8.50 8.08 -5.19 
Maple Shavings 6.75 10.69 52.5 
The crude protein of the original and decomposed 
sawdust was determined. This is the total nitrogen 
minus the water soluble nitrogen. The difference is 
multiplied by the protein factor 6.25. The results 
are shown in Table X. 
23 
t;lble X 
Crude protein determined on original and decomposed 
sawdust. 
Southern Pine Shavings 
Southern Pine Sawdust 
White Pine Sawdust 
Hemlock Shavings 
Cedar Sawdust 
Maple Shavings 
Chestnut Sawdust 
Oak Sawdust 
Birch Shavings 
Peanut Hulls 
Cocoa Hulls 
Original Decomposed 
.36 .86 
.36 .86 
.44 .67 
.56 1.30 
.72 1.65 
.67 1.58 
. 54 1.65 
.57 .81 
.44 .92 
2; 48 .83 
6.90 10.35 
24. 
DISCUSSION OF RESULTS 
In this second experiment, each bedding 
material had been saturated with cattle urine to 
90 per cent of its water holding capacity, making 
the total nitrogen content different in each case. 
However, this condition is similar to that which 
exists under practical conditions, when sawdust is 
used as an absorbant and is saturated to its total 
water holding capacity with stable liquids. 
Table V shows that ammonia accumulation vms small 
in birch, hemlock and southern pine compared with 
white pine, which showed the highest accumulation 
after four weeks. After twelve weeks of decomposition, 
southern pine, hemlock, maple, oak and peanut hull 
show a small ammonia accumulation. Nitrates did not 
start to accumulate until the end of the eighth week 
and began to accumulate rapidly. VAiite pine had the 
greatest accumulation of nitrates followed by hemlock, 
peanuts, cedar and southern pine. Chestnut, oak and 
birch did not contain any nitrates after twelve weeks, 
whereas chestnut and oak, four weeks previously, 
showed traces of nitrates. 
Table VIII shows that lignin increased to the 
greates extent in the cocoa, birch, oak, chestnut 
and peanuts. Y/hite pine, cedar and hemlock showed 
lower percentage of accumulation and thus indicated 
85. 
a slower rate of decomposition. Rose and Lisse (10) 
analyzing wood at different stages of decomposition 
found similar results showing that pentosans and 
celluloses are first to disappear, whereas the lignins 
/ 
are highly resistant to decomposition. 
G-enerally in organic compounds which are low 
in nitrogen, there is an increase in protein nitrogen 
on decomposition. Table X shows this to be true with 
most of the wood materials. The organic substances 
like the simple sugars, pentosans and starches de¬ 
compose first, followed by the more complex materials, 
like hemi-cellulose, cellulose, protein and lignin. 
Y/ith a loss in decomposition of the substances, which 
decompose more readily, protein and lignin accumulate. 
In this case, where nitrogen was available in the 
urine for microorganisms, it was found that with an 
abundance of cellulose, protein synthesis predominates 
over protein decomposition. V/aksman and Gerrestsen 
(13) have found that with the addition of nutrient 
salts, three times as much protein was formed in the 
presence of the nutrients as without. This synthesis 
predominates at lower temperatures. 
By comparing the per cent changes of lignin 
and alcohol-benzine extracts in Table IX, it will be 
noted that the cocoa hulls had increased 44 per cent 
in lignin and had lost 55 per cent of their alcohol- 
benzine extract. Birch had also increased considerably 
26. 
in lignin. However, the alcohol-benzine extract 
showed only 5.19 per cent loss of resins and waxes. 
Y/ith the cedar and the white pine, the lignin accumulation 
was very small, whereas the alcohol-benzine loss was 
high. This may be accounted for by the fact that a 
large amount of resins and waxes that coated over the 
organic substances had to be decomposed before the 
microorganisms could attack this organic matter. A 
negative result in the percentage change of lignin was 
obtained in the case of maple, southern pine, sawdust 
and southern pine shavings. In this instance, there 
may be a decomposition of lignin or an error in taking 
a representative sample. If there was decomposition 
of lignin, it may be explained on the basis that the 
lignins in these wood materials differ and that some 
lignin complexes may be more easily decomposed. 
27. 
SUlvMARY 
The unfavorable toxic action of wood or 
vegetative growth in soils is due to the lace of 
nitrate accumulation in the soil when wood de¬ 
composes. Microorganisms assimilate the nitrates 
as soon as they are formed, because of the large 
amount of cellulose present. Even pure cellulose 
mixed with soils as found by Hill (4), showed similar 
results. Ammonification in the conifers followed a 
general curve; little difference could be observed 
between the sawdust and the shavings of the southern 
pine. Since a large amount of nitrogen was added, 
anmionif ication proceeded rapidly and nitrates began 
to accumulate. Nitrification was so increased, that 
it exceeded the rate of reduction or rather the 
assimilation of nitrates by microorganism. This 
condition was found to be true in both experimental 
series, yet in some bedding materials like maple, 
chestnut and birch, as shown in Table III and YI, 
nitrates did not accumulate during the experiments. 
The lignin accumulation had shown that cocoa 
hulls decomposed most readily followed by birch, oak, 
chestnut and peanut hulls. Little accumulation was 
found in white pine, cedar and hemlock, indicating 
a slow rate of decomposition. 
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Crude proteins and nitrogen had accumulated in 
all the bedding materials except peanuts. This 
accumulation was seemingly due to bacterial synthesis 
of protein. 
The result of the entire experiment showed 
that ammonification and nitrification do not give a 
good index of decomposition in sawdust, for the nitro¬ 
genous constituents of the wood material are apparently 
assimilated by microJ3rganisms. The experiment did not 
show that the materials used inhibited to a different 
degree, ammonification and nitrification, even though 
the total nitrogen was in each case 1 per cent. 
Cocoa, birch, oak and chestnut decomposed more 
rapidly and the harmful effects upon crops from these 
bedding materials would be less lasting than from the 
bedding materials that decompose slower, like white 
pine, cedar and hemlock. 
The experiment was carried on for ninety-eight 
days and more investigation would have to be made to 
determine total decomposition. 
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